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Abstract 
The aim of this study was to examine the kinematic activity profiles, cardiovascular responses and physical fitness of top-
class football referees ( w = l l ) during the FIFA Confederations Cup 2005. Computerised match-analyses (w = 9) were 
performed with a two-dimensional photogrammetric video system, and the cardiovascular demand imposed on the 
referees (n— 12) was measured using heart rate recordings. Total distance covered was 10,218, s = 643 m of which 3531, 
s = 510 m was covered at high intensities (> 3.6 m • s _ 1 ) . Both total distance covered (r2 — 0.59; P—0.02) and high-
intensity activities (r =0.44; P=0.05) were related to the distance covered by the ball in the same match. The referees 
ran at high speed 37% further (P=0.01) in the actual tournament than during under-17 top-level officiating. Afier the 5-
min interval during which high-speed running peaked, in the following 5 min the performance was reduced by 19% 
(P=0.01) in relation to the mean of the game. Mean heart rate was 161, s — 9 b • min~ (86, s — 3% of maximal heart rate 
(HRmax)). Mean heart rate (expressed as percentage of HRmax) was related in part (^ = 0.36; P < 0.01) to the number of 
high-intensity activities performed in the same 5-min interval. The results of this study show that: (1) kinematic activity 
profiles of top-class referees can be influenced by the distance covered by the ball; (2) the amount of high-speed running 
( > 5 m • s~ ) best describes the physical performance of referees; (3) heart rate recording can be a useful tool to 
determine the most intense periods of a match and (4) the new fitness tests adopted by FIFA were poor predictors of 
match activities. 
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Introduction 
Abundant data have been reported during the last 
ten years on kinematics of match activities (Castagna 
& Abt, 2003; Castagna, Abt, & D'Ottavio, 2004; 
Krustrup & Bangsbo, 2001; Mallo, Navarro, García-
Aranda, Gilis, & Helsen, 2007), physiological re-
sponses during match play (D'Ottavio & Castagna, 
2001; Helsen & Bultynck, 2004) and physical 
capacity (Castagna, Abt, & D'Ottavio, 2002a, 
2002b, 2005; Castagna & D'Ottavio, 2001) of 
association football referees. Nevertheless, it is 
essential to examine the factors that might influence 
the physical performance of referees during competi-
tion. In a recent study, Weston, Bird, Helsen, Nevill, 
and Castagna (2006) suggested that match intensity, 
calculated from heart rate recordings and ratings of 
perceived exertion, was higher in the Premier League 
than in other English Football League matches. 
However, in this study, no kinematic variables were 
examined during match play. It has also been 
observed that the performance of intense exercise 
by players is related to the standard of competition 
(Bangsbo, Norregaard, & Thorso , 1991; Ekblom, 
1986; Mohr , Krustrup, & Bangsbo, 2003), so the 
extent to which the participation of players of 
different standard affects the kinematics of referees 
is uncertain. 
Accompanying the match standard, movements 
of officials are partly related to the number of 
high-intensity runs performed by players (Weston, 
Castagna, Impellizzeri, Rampinini, & Abt, 2007), 
However, it is also unclear if movements of the ball 
could be a better predictor of referees' activity than 
players' movements. T o apply the laws of the game, 
referees must be cióse to the área of the field where 
the ball is played so it could be anticipated that, the 
further the ball travels during matches, the greater is 
the physical demand on referees to enable them to 
keep up with play. T o our knowledge, this study is 
the first that has attempted to relate the distance 
travelled both by the ball and the referee throughout 
a match. 
Heart rate recordings have been used extensively to 
provide an indicator of the intensity of exercise during 
refereeing (D'Ottavio & Castagna, 2001; Helsen & 
Bultynck, 2004; Krustrup & Bangsbo, 2001). How-
ever, Weston and Castagna (2005) have recently 
questioned the use of match heart rates alone as valid 
measures of exercise intensity, as they did not identify 
a correlation between heart rate and distance 
travelled or the number of high-intensity runs 
performed by referees during matches. As the 
relationships in Weston and Castagna's (2005) study 
were explored for the entire 90-min of play, it appears 
important to examine the relationships during shorter 
(5-min) periods throughout the matches. 
The relationship between performance tests and 
key Índices of match performance has been reported 
(Castagna & D'Ottavio, 2001 ; Krustrup & Bangsbo, 
2001; Krustrup, Mohr , & Bangsbo, 2002). Recent 
studies (Castagna et al., 2002a; Mallo et al., 2007) 
have shown low correlations between the results of 
match officials on traditional fitness tests used by 
FIFA (a 2 x 50 m and a 2 x 200 m sprint test and a 
12-min running test) and match activities. The 
refereeing department of FIFA is concerned how to 
improve the performance of referees, and therefore 
in the FIFA Confederations Cup 2005 new fitness 
tests were introduced to assess the physical capacity 
of officials in a way that is much more in line with the 
match performances. For this reason, the new tests 
are based on intermittent exercise in an attempt to 
replicate with improved sensitivity referees' activity 
patterns during competition and evalúate both the 
ability to perform repeated sprints and the capacity to 
perform repeated intense-interval runs. As high-
intensity running has been shown to reflect more 
accurately the physical demands of soccer refereeing, 
the question arises to what extent are these new tests 
useful to examine the fitness of referees and predict 
the amount of their high-intensity running during 
competition? 
Therefore, the aims of this study were to: 
Methods 
Anthropometry 
Eleven top-class referees (mean age 39.32, 5 = 3.43 
years; stature 1.83, 5 = 0.04 cm and body mass 
78.82, 5 = 4.49 kg) participated. All referees had 
held F IFA licenses for 8.05, 5 = 3.39 years at 
international standard. Written consent from the 
refereeing department and from all the referees was 
obtained before the beginning of the tournament , 
following an explanation of the nature of the 
research. 
Experimental design 
All measurements were carried out in a two-week 
period during the FIFA Confederations Cup , held in 
Germany in June 2005. This was a high-standard 
competition that involved the six national teams that 
had won previous continental tournaments (Greece, 
Japan, Tunisia, México, Argentina and Australia), 
the 2002 World Cup champions (Brazil) and the 
2006 World Cup host nation (Germany). 
From the total number of 16 games during the 
tournament , match analyses and heart rate record-
ings were obtained in 9 and 12 matches, respectively. 
In 7 of these matches, kinematic and cardiovascular 
responses were simultaneously recorded in 7 refer-
ees. All referees who took part in the championship 
completed the fitness tests before the start of the 
event. Figure 1 represents an overview of the 
experimental design. 
Kinematic data obtained during the actual re-
search were compared with those presented in a 
previous study (Mallo et al., 2007) carried out during 
the under-17 World Championship Finland 2003 
that used the same technique for match analysis. 
Match analysis 
The kinematic activity profile of the referees was 
recorded by means of a two-dimensional photo-
grammetric system that allowed us to determine the 
positions on the field of play based on video footage 
(Mallo & Navarro, 2004; Mallo et al., 2007). Briefly, 
all matches were filmed using three digital videoca-
meras strategically positioned at the main stand of 
1. Determine the effect of match standard and 
movements of the ball on the kinematic 
performance of top-class referees; 
2. Relate kinematic and heart rate responses in 5-
min periods during the matches; and 
3. Examine the relationship between the new field 
tests adopted by FIFA to individual physical 
match performances. 
Match analysis vs 
Ca rdio va se ula r res pon se 
Match analysis vs 
Physical capacity 
Cardnvascubrresponse 
vs Physical capacity 
Figure 1. Overview of the experimental design. (K) = number of 
subjeets. 
the stadia and, after the end of the match, the video 
recordings were played-back, synchronised and 
stored on the hard-disk of a computer. The vertical 
projection of the referees' centre of mass was 
indicated with the mouse on the computer screen at 
a frame rate of 1 Hz. The position of the ball was also 
indicated in all the frames where it was on the ground. 
In those frames in which the ball was played in the air, 
the digitisation of the ball was discarded. In these 
cases, the starting and finishing position of the ball 
was indicated in the screen, to calcúlate the horizontal 
distance between both positions. All the incidents 
(foul play, hand balls, direct free kicks, indirect free 
kicks, etc.) that occurred during the match and that 
were indicated by the referee were captured and 
digitised at a frame rate of 25 Hz. Both the position of 
the referee and the location where an infringement 
occurred were digitised. The incidents were classified 
according to time and zone in the field (Krustrup & 
Bangsbo, 2001; Mallo et al., 2007). The calibration 
system was also digitised and 2D-DLT based 
algorithms (after Abdel-Aziz & Karara, 1971) were 
used to transform screen-displayed coordinates to 
real coordinates. These coordinates were smoothed 
using quintic-spline functions with the "Cross Gen-
eralised Validation" procedure to evalúate the ad-
justment factor (Woltring, 1985). 
Movement distances and speeds were calculated 
from the spline polynomial functions. The move-
ments of the referee were classified into the follow-
ing categories (based on Mallo et al., 2007): (a) 
standing still ( < 1 m • s - 1 ; <3.6 km • h _ 1 ) ; (b) 
walking (1.01-2 m • s _ 1 ; 3.61-7.20 km • h _ 1 ) ; (c) 
jogging (2.01-3.60 m • s _ 1 ; 7.21-13 km • h _ 1 ) ; 
(d) cruising (3.60-5 m • s _ 1 ; 13.01-18 km • h _ 1 ) 
and (e) high-speed running ( > 5 m • s _ 1 ; 
>18 km • h _ 1 ) . The high-intensity activities repre-
sented the movements performed at speeds greater 
than 3.60 m • s _ 1 (13 km • h _ 1 ) . Performance 
throughout the matches was expressed in 5-, 15-
and 45-min intervals. 
The validity and reliability of this method for 
match-analysis has been reponed in a previous study 
(Mallo et al., 2007). To assess the validity, a referee 
covered different circuits in a football field at paced 
speeds that simulated typical movements during a 
match. Distances measured on the field of play were 
compared with those obtained by the photogram-
metric system and agreement was within 1.5% for all 
the categories studied (P>0 .05) . The root mean 
square error (Allard, Blanchi, & Aissaqui, 1995) for 
reconstructed distances between two points was 
1.98%. Intra- and inter-rater reliability assessments 
carried out by trained observers did not reveal any 
differences (P> 0.05) between measurements, with 
total differences in the kinematic data always being 
less than 1%. 
Heart rate 
Heart rate was recorded by means of short-range 
radio telemetry (Polar Team System, Kempele, 
Finland). This system is specially designed for team 
sports and consists of a chest monitor that records 
and stores the heart rate signal at 5-s intervals. In 
contrast to the traditional systems, wearers do not 
require a receiver on their wrist. The chest monitor 
was placed on the referees' body in their dressing 
room before starting the warm-up for the match. 
Once the game was over, the data were downloaded 
to a computer using the Polar Precisión 3.0 software 
(Polar, Kempele, Finland). Although all the referees 
were encouraged to use the heart rate monitor during 
the matches, 12 observations were obtained from the 
total of 16 matches of the championship. 
Data were processed and expressed in relation to 
the individual maximal heart rate (HRmax) of the 
participants. As referees used heart rate monitors 
during matches, fitness tests and training sessions, 
peak valúes reached in any of the 5-s intervals in 
these conditions were determined as individual 
HRmax. In line with Helsen and Bultynck (2004), 
five activity categories were used to classify the efforts 
according to the percentage of HRmax: (i) passive 
recovery (<65% HRmax); (ii) active recovery (66-
75% HRmax); (iii) low-intensity (76-85% HRmax); 
(iv) high-intensity (86-95% HRmax); and maximal 
effort (>95% HRmax). 
Fitness tests 
As from 2005 on, FIFA introduced new fitness tests 
before the start of any major tournament to evalúate 
the fitness of international-standard referees and 
assistant referees. Three days before the tournament, 
all the officials performed two fitness tests on an 
athletic track during a 90-min session. To assess the 
mean running speed during repeated sprints over a 
specific match distance, referees first completed a 
6 x 40 m sprint test, with 1 min 30 s recovery 
between each and every trial. The referees' starting 
position was 1.5 m behind the first set of photo-
electric beams. All the sprints had to be completed in 
a máximum time of 6.4 s (reference time in 2005; 
6.2 s from 2006 on). The sprints were performed on 
a regular athletic track and the use of spikes was not 
allowed. If a referee failed one of the sprints, he was 
allowed an extra sprint after the regular course of six 
sprints. However, if the referee did not succeed twice 
to run below the reference time, they failed the test. 
After a recovery period of 6-8 min, in the second 
test - the interval test - the ability to perform intense 
runs was evaluated. Specifically, referees alternated 
between running 150 m in 30 s and walking 50 m in 
40 s, round the 400-m athletic track (Figure 2). 
Finish 2 
50 m walk 
150 m run 
Start 2 
/ 
50 m walk 
Finish 1 
- 150 m run « 
Figure 2. The layout of the "interval test". 
Two runs were alternated with two recovery periods. 
The recovery time was 40 s in 2005 (35 s from 2006 
on). The running speed was 5 m • s _ 1 
(18 km • h _ 1 ) . Time to reach the walking área was 
indicated by an audio signal. Each referee was 
instructed to arrive before the whistle in the "walking 
área" that was marked by four cones (3 m in front 
and 3 m ahead of the 150 m mark). Referees could 
not leave the 50-m "walking área" before the next 
whistle. Therefore, assistant test leaders were posi-
tioned at the start lines with a flag in their hands. 
Until the next whistle, they blocked the lañe on the 
track by keeping the flag horizontal. On the whistle, 
they quickly lowered the flag so that the referees 
could start running. The flag only went down on the 
whistle. Referees were required to complete a 
minimum of 10 laps to pass the test, which 
represents 20 consecutive runs (4000 m in total of 
which 3000 m consisted of running). The máximum 
number of laps was 12 that was equivalent to 24 
runs. If a referee failed to put their whole body into 
the walking área before the whistle, they received a 
verbal caution. If a referee failed to enter the 
"walking área" twice, they failed the test and were 
removed immediately. All officials wore heart rate 
monitors for the duration of the fitness test. Heart 
rate was recorded at 5-s intervals. Polar Precisión 
software was used for data processing. 
Data analysis 
Data are presented as means and standard deviation 
of the mean (s). Comparisons between two sets of 
data were carried out using paired r-tests. For the 
analysis of physical and cardiovascular demands 
during match play, a two-way analysis of variance 
(ANOVA) compared the distance covered, high-
intensity activities, distance from infringements and 
heart rate using a 3 (intervals: 0-15, 16-30, 3 1 -
45) x 2 (period: first, second half) design with 
repeated measures on both factors. To examine 
further activity profiles between both halves, a two-
way ANOVA was performed using a 5 (activity 
category: standing still, walking, jogging, cruising 
and high-speed running) x 2 (period: first, second 
half) for the kinematic data and a 5 (activity 
category: passive recovery, active recovery, low-
intensity, high-intensity, maximal effort) x 2 (peri-
od: first, second half) design for heart rate, with 
repeated measures on both factors. To compare 
effects of match-standard on referees' activity pro-
files we carried out a two-way ANOVA using a 2 
(championship: U-17 World Championship 2003, 
Confederations Cup 2005) x 5 (activity category: 
standing still, walking, jogging, cruising and high-
speed running) design with repeated measures on 
the last factor. In addition to the sprint times and 
running distance on the interval test, we also 
recorded the mean heart rate (absolute and percen-
tage of individual HRmax) and recovery heart rate 
(heart rate at the end of the test - heart rate 1 min 
later) for further analysis of the fitness test results. 
All the repeated measures ANOVAs were carried out 
after ensuring the sphericity assumption was not 
violated. Geisser/Greenhouse correction was used to 
adjust the degrees of freedom when epsilon was less 
than 0.75 (Thomas & Nelson, 2001). Correlation 
coefficients (r) were determined and tested for 
significance using Pearson's regression test. Statis-
tical significance was set at P < 0 . 0 5 for all the 
statistical tests. This valué was adjusted by the 
Bonferroni correction when carrying out múltiple 
relationships. Post hoc analyses were performed using 
Scheffé tests. The meaningfulness of the difference 
between two means was determined by the effect 
(size (mean 1-mean 2) • s~l) (Cohén, 1969, in 
Thomas & Nelson, 2001). 
Results 
Kinematic activity 
Match activities. Total distance covered during 
matches was 10,218, 5 = 643 m, with no difference 
between both halves (5178, 5 = 363 vs. 5040, 
s = 398 m ; P = 0 . 3 4 ) . 
Table I shows the distance covered by different 
movement categories in both match periods, with no 
interaction detected between the activities performed 
in the two halves (F4>32 = 2.15; P=0.10) . Referees 
stood or walked for 37.1, 5 = 3.5 and 26.0, s= 1.8%, 
respectively, of matches. Medium-intensity activity 
(jogging) represented 20.2, 5 = 2.1%, whereas the 
remaining time was spent cruising (8.9, 5=1.2%) 
and high-speed running (7.7, 5=1.5%). The re-
peated measures ANOVA did not reveal any 
category interaction between both 45-min periods 
0F4,32= 1-22; P= 0.32). 
After the 5-min interval of each half during which 
the referees performed the most high-speed running 
Table I. Distance covered (m) at different speeds during both 
halves of a match (mean and standard deviation). 





1,004+16 973 + 113 
1,120+114 1,064 + 85 
1,310+153 1,216+135 
812 + 97 798 + 129 
1,977+ 187 
2,184+ 162 
2,526 + 230 
1,611 + 204 
High-speed running 932 + 174 989 + 238 1,920 + 399 
Total 5,178 + 363 5,040 + 398 10,218 + 643 
(37, s = l s), during the following 5 min, time spent 
performing exercise in this locomotive category was 
reduced 50% (18, s = 8 s; P < 0.001). This valué was 
19% lower (P=0.01) than the 5-min mean of the 
game (23, s = 6 s) (Figure 3). 
Match standard. The results of the two-way ANO VA 
showed an effect for match standard (F1>lg = 5.25; 
P=0.03) and a match-standard x activity-category 
interaction CF4>76 = 42.65; P< 0.001). Figure 4 
shows that during the sénior high-standard games, 
referees increased the volume of activities carried out 
at minimal (standing still; P < 0.001) and maximal 
(high-speed running; P= 0.02) intensities. Specifi-
cally, referees increased 37% of the distance covered 
by high-speed running from 1405, 5=453 m to 
1920, 5 = 399 m (effect size: 1.19). Conversely, 
distances travelled walking (P=0.01) and jogging 
and cruising (P < 0.001) were higher during youth 
refereeing. 
# $ 
Peak Next 5 min Mean 
Figure 3. Peak 5-min interval of high-speed running versus the 
following 5-min period and the mean 5-min valué for the match 
(mean and standard deviation). Different (P=0.01) from mean 
5-min valué. Different ( P < 0.001) from peak 5-min valué. 
SS W J G HSR 
Figure 4. Distance covered at different speeds (mean and standard 
deviation) during the FIFA U-17 World Championship 2003 
(dark bars) and the FIFA Confederations Cup 2005 (light bars). 
SS, standing still; W, walking; J, Jogging; C, cruising; HSR, high-
speed running. *Different (P=0.02) from U-17 WC. #Different 
(P= 0.01) from U-17 WC. 'Different (P < 0.001) from U-17 WC. 
Distance covered by the hall. Distance covered by the 
ball during the first and second half of the match was 
11,009, 5= 1735 m and 10,706, s= 1096 m respec-
tively, with no differences between both 45-min 
periods (P= 0.46). The greatest distance travelled by 
the ball was in the initial 15 min of the game (3714, 
s = 631 m), although there were no differences with 
the remaining 15-min periods (P at best 0.16). 
Both total distance covered by referees (r=0.77; 
P=0.02) and time spent performing high-intensity 
activities (r=0.67; P=0.05) were correlated to the 
distance travelled by the ball during the matches. 
Time spent by the referees performing high-intensity 
activities (r=0.55; P< 0.001; Figure 5) and high-
speed running (r=0.29; P=0.03) were moderately 
correlated to the distance travelled by the ball in the 
same 15-min match period. 
Distance from infringements. A total of 304 incidents 
were analysed, with no differences according to the 
period in which they were indicated (155 vs. 149 
incidents per period; P=0.54) . Mean distance from 
infringements was 16.3, 5 = 7.4 m. A two-way 
ANO VA yielded an effect (P < 0.001) for the zone 
• r=0.55 
P< 0.0M 
3000 3500 4000 
Bal l d i s t a n c e (m) 
4500 5000 
Figure 5. Individual relationship between high-intensities activities 
performed by the referee and distance covered by the ball in the 
same 15-min period. 
in which the incidents were indicated as mean 
distance to the infringement was higher in the right 
attacking zone than in other three zones of the field 
(right middle, left attacking and left middle zones). 
Cardiovascular response 
Heart rate. Mean heart rate (n = 12) during the match 
was 161, s = 8 b • m i n - 1 which corresponds to 86, 
s = 3% of the individual HRmax; no difference was 
detected between halves (162, 5 = 8 vs. 160, s = 9 
b • m i n - 1 ; P=0.25). Mean time spent by referees 
exercising in the passive recovery, active recovery, 
low-intensity, high-intensity and maximal effort 
categories was 1, 5 = 1 % , 7, 5 = 7%, 35, 5=17%, 
52, 5 = 20% and 5, 5=6%, respectively. When only 
the seven matches in which both the kinematic 
activity and the cardiovascular response were re-
corded simultaneously were taken into considera-
tion, the two-way ANOVA did not reveal any 
interaction between the activity categories in both 
halves of the game (F4>24= 1.83; P=0A6). 
Relationship between heart rate and kinematic activity 
profile. There was a relationship (r=0.60; P < 0.01; 
Figure 6) between mean heart rate (expressed as 
%HRmax) and the number of high-intensity activities 
performed in the same 5-min interval. Mean heart 
rate was also related to time spent by high-speed 
running in the same 5-min period (r=0.50; 
P< 0.01). 
Physical capacity 
Fitness tests. All the referees passed the 6 x 40 m 
sprint test. Mean time for the 40-m sprints was 5.77, 
s = 0.17 s, whereas the mean shortest time to 
complete the distance was 5.70, 5 = 0.17 s. 
In addition, all officials reached the minimum 
mark in the interval test and completed a mean of 23, 
s= 1 runs, with a mean test duration of 26 min 50 s. 
Mean heart rate during the test was 171, 5=10 
b • m i n - 1 (93, 5 = 3% HRmax). Recovery heart rate 
had a mean valué of 27, 5= 12 b. Referees exercised 
at intensities exceeding 85% HRmax for 90, 5= 14% 
of the total test time. 
Relationship between fitness tests and match activities. 
Mean ( r = - 0 . 0 2 ; P=0.96) and best ( r = - 0 . 1 3 ; 
P= 0.74) time in the sprint test were poorly related 
to the distance covered by high-speed running 
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Figure 6. Individual relationship between mean heart rate 
(expressed as %HRmasx) and the number of high-intensity 
activities performed in the same 5-min interval. 
Mean heart rate during the interval test was not 
correlated to total distance covered (r= — 0.07; 
P= 0.85) and to time spent running at high speed 
(r= — 0.49; P= 0.18) during the matches. Time spent 
during this test exercising at any heart rate zone was 
also not correlated (P at best 0.12) with any kinematic 
variable measured during match play. Only the 
recovery heart rate after the interval test showed a 
modérate correlation with the time spent moving at 
high-intensities during the games (r= 0.70; P= 0.04). 
Relationship between fitness tests and match heart rate 
recordings. Mean heart rate during the interval test 
was correlated to mean heart rate ( r= 0.42; P= 0.18) 
and the time spent exercising at intensities exceeding 
85% HRmax ( r= 0.38; P= 0.22) during the matches. 
Additionally, time spent in this heart-rate zone in the 
test and in matches was not correlated (r=0.25; 
í>=0.44). Recovery heart rate after the interval test 
was correlated with the time spent by referees during 
the matches in the high-intensity category, that 
is between 86 and 95% of individual HRmax 
( r = - 0 . 5 3 ; P=0.08) . 
Discussion 
In this study, we have described the physical 
demands experienced by top-class association foot-
ball referees during an international high-standard 
FIFA tournament. Referees covered ~ 10.2 km 
during matches with almost 19% of this by high-
speed running ( > 5 m • s _ 1 ) . Both total distance and 
high-intensity activities were related to the distance 
travelled by the ball during the match. Distance 
covered by high-speed running seems to be the best 
kinematic performance discriminator for refereeing, 
as the referees examined during the present study ran 
at high-speed 37% further than those examined 
during the U-17 2003 World Championship. After 
the 5-min match interval where referees performed 
the most intense exercise, physical performance was 
reduced in the next 5 min. This indicates that the 
referees experience temporary fatigue in the course 
of the game. Mean heart rate during a match was 161 
b • m i n - 1 (86% of the individual HRmax). Mean 
heart rate during a 5-min period was related to the 
high-intensity activities performed in the same 
interval, suggesting that heart-rate recordings could 
be used as a complementary indicator of the intense 
exercise episodes of the match. In addition, the new 
fitness tests adopted by FIFA were poor predictors of 
match activities. 
In 2003, we started a research project with the FIFA 
refereeing department to provide scientific support to 
referees (Mallo et al., 2007) and assistant referees 
(Mallo, Navarro, García-Aranda, Gilis, & Helsen, 
2008) to prepare them for international tournaments. 
Even though only few top-class officials take part in 
these toumaments, their evaluation can be valuable as 
it is likely that even minimum demand placed on 
referees are severe (Bangsbo, 1994). Distance tra-
velled (10.2 km) and the mean heart rate (86% 
HRmax) of referees during the matches from the FIFA 
Confederations Cup 2005 are in the range of what has 
been recently reponed in the literature: 10-12 km 
(Castagna et al., 2004; Krustrup & Bangsbo, 2001; 
Mallo et al., 2007) and 85-90% HRmax (D'Ottavio & 
Castagna, 2001; Helsen & Bultynck, 2004; Krustrup 
& Bangsbo, 2001), indicating that the demands 
experienced when refereeing matches that involve 
élite national teams are much like the physical 
requirements of top-standard clubs refereeing. 
Nevertheless, these parameters can serve only as 
general estimators of the exercise intensity as it has 
been suggested that the production of intense 
exercise is a more valid measurement of physical 
performance when officiating (Castagna & Abt, 
2003; Krustrup & Bangsbo, 2001). The distances 
covered at different speeds in the present champion-
ship were compared with those presented in a 
previous paper (Mallo et al., 2007) using the same 
technique for match analysis and revealed that 
referees covered a higher meaningful distance (effect 
size: 1.19; Figure 4) by high-speed running at sénior 
high-standard matches than in youth games. This 
inter-tournament comparison supports previous re-
search carried out with élite Italian players (Mohr 
et al., 2003) and Italian (Castagna et al., 2004) and 
English referees (Weston et al., 2006) and suggests 
that the physical demands are age-dependent. Dis-
tance covered at speeds exceeding 5 m • s _ 1 during 
the Confederations Cup was practically identical to 
that reported for Italian referees (Castagna & 
D'Ottavio, 2001; Castagna et al., 2002a,b): 1920 
vs. 1913-1978 m, respectively. Top-class referees 
observed in the present study seemed to develop a 
peculiar effort profile, with a more economical usage 
of their energy, because as they increased the amount 
of maximal activities carried out, they spent more 
time standing still. Thus, it is likely that an overall 
higher tempo of matches requires referees to possess 
higher fitness to enable them to keep pace. However, 
reductions in movement after intense 5-min periods 
during matches occurred even though no differences 
were detected in distances covered by the ball during 
these periods of relative rest. Notably, and in contrast 
to previous studies (Mallo et al., 2007; Mohr et al., 
2003), this phenomenon occurred after the most 
intense periods in both halves, suggesting that 
referees can be exposed to this kind of temporary 
fatigue at different stages of the match. 
In this study, we have found an important 
relationship between the distance covered by the 
ball and the kinematic performance of the referee 
(distance covered and high-intensity activities). To 
our knowledge, this is the first time that movements 
of the ball have been taken into consideration and 
related to referees' movements. Reilly (1997) sug-
gested that the "direct method" of play could 
increase physiological demands on players. During 
the present tournament, the ball travelled 21% 
further during matches that involved the national 
teams of Greece and Japan ("direct method" of play) 
than in those that involved Argentina and Brazil 
("passing game"), indicating that tactics used by the 
teams influences activity profiles of referees. A recent 
study (Weston et al., 2007) has also shown how 
players' intensities of exercise affect referees' activity. 
Probably, the combination both of distance covered 
by the ball and number of high-intensity activities 
performed by players, is key to determining overall 
physical match intensity experienced by referees. For 
that reason, it seems a major challenge for future 
studies to intégrate these variables as they can serve 
as a performance indicator and aid comparisons 
between studies. It appears also essential to examine 
the speed at which the ball is played, because it is 
likely that the top-class teams play the ball faster and 
so increase demands placed both on officials and 
players to keep up with the tempo of the game. 
In addition to simultaneous comparison of kine-
matics between toumaments and registration of 
movements of the ball, another advantage of the 
technique used in the present study was that it allowed 
the introduction of other external variables such as 
heart-rate responses. The use of heart rate per se as an 
indicator of exercise intensity for the referees has been 
questioned recently by Weston and Castagna (2005). 
Reinforcing the observations from these authors, in 
the present study we did not find a meaningful 
correlation between mean heart rate and total distance 
covered and high-intensity activities for whole 
matches. However, when comparisons were made in 
shorter periods (5-min), a modérate correlation was 
observed between mean heart rate (expressed as a 
%HRmax) and the number of high-intensity activities 
performed (Figure 6). These findings suggest that the 
use of the heart rate data can predict match periods 
where the referees are more active and perform more 
high-intensity exercise, but mean heart rate cannot be 
used on its own as a global indicator of competition 
intensity as it can be affected by other factors (Achten 
&Jeukendrup, 2003). 
The low correlation determined between the 
traditional battery of fitness tests used by FIFA 
(2 x 50 m and 2 x 200 m sprint tests and 12-min 
running test) and match activities (Castagna et al., 
2002a; Krustrup & Bangsbo, 2001; Mallo et al., 
2007) led FIFA's Refereeing Department to adopt 
new field tests to evalúate the fitness of top-class 
referees. The strength of correlations found in this 
study do not support the construct validity of these 
new tests. Specifically, the heart-rate data during the 
interval test were not relevantly correlated to total 
match distance and to distance covered by high-
speed running. Conversely, recovery heart rates after 
the interval test showed a higher correlation with the 
number of high-intensity activities performed during 
the match and to the time spent exercising at 
intensities between 86 and -95% HRmax. This means 
that referees with better heart rate recovery after the 
interval test produced more intense exercise during 
the match without needing to spend so much time 
between 86 and 95% HRmax, as they had a better 
recovery in between high-intensity activities. The 
mean intensity (93% HRmax) and the fact that 
referees exercised for more than 24 min at intensities 
exceeding 85% HRmax suggests that the test chal-
lenged cardiovascular function in officials. Thus, 
FIFA could use these tests normatively - officials 
must reach a minimum score - but not as a predictive 
tool of match demands. Nevertheless, further inves-
tigations are required to determine other physiological 
responses during the test along with its validity and 
reliability. In this respect, it would be valuable to 
compare fitness test performances on an athletic track, 
which appears to be a FIFA requirement, with the 
results on the Yo-Yo intermittent recovery test. To 
our knowledge, this is the best field test that has been 
developed to assess physical capabilities of referees 
relevant to match demands (Krustrup & Bangsbo, 
2001; Krustrup et al., 2003) and it has also been 
demonstrated to discriminate between standards of 
referees (Castagna et al., 2005). 
In summary, the present study demonstrated that 
the kinematic demands of officiating matches that 
involve élite national teams are much like the 
kinematic requirements of the top-standard club 
refereeing and can be affected by the playing style of 
teams, that is, the way they move the ball in the field. 
In addition, the standard of competition also 
influences the physical performance of referees as 
they have to produce more high-speed running to 
follow the pace of play. It was also shown that the use 
of heart rate recordings can help to predict the most 
intense periods of the match but cannot serve as 
indicators of the global intensity of the exercise. In 
addition, we found that the new field tests adopted 
by FIFA were poorly correlated to match activities. 
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